ABSTRACT House Þnches, Carpodacus mexicanus, were experimentally infected with high and standard doses of western equine encephalomyelitis virus (WEEV) or St. Louis encephalitis virus (SLEV) to determine whether high doses would produce an elevated viremia response and a high frequency of chronic infections. Finches inoculated with Ϸ100,000 plaque forming units (PFU) of WEEV or SLEV produced viremia and antibody responses similar to those in Þnches inoculated with Ϸ100 PFU of WEEV or 1000 PFU of SLEV, the approximate quantities of virus expectorated by blood-feeding Culex tarsalis Coquillett. Infected Þnches were held through winter and then necropsied. Only one Þnch inoculated with the high dose of SLEV developed a chronic infection. Our data indicated that elevated infectious doses of virus may not increase the viremia level or the frequency of chronic infection in house Þnches.
OUR RECENT STUDIES HAVE addressed the role of avian chronic infections as a mechanism for the overwintering of mosquito-borne encephalitis viruses in California (Reisen et al. 2001 , Reisen et al. 2003b ), focusing on western equine encephalomyelitis virus (Togaviridae, Alphavirus; WEEV) and St. Louis encephalitis virus (Flaviviridae, Flavivirus; SLEV) infections in the house Þnch, Carpodacus mexicanus. House Þnches frequently are infected with both viruses in nature (Milby and Reeves 1990, Reisen et al. 2000c) , are competent experimental hosts developing elevated viremia titers after inoculation or mosquito bite (Hardy and Reeves 1990, Reisen et al. 2000a) , and occasionally develop chronic infections that can be detected for up to a year (Reeves 1990 , Reisen et al. 2001 . Attempts to document natural or experimentally stimulate relapses by immunosuppression or mosquito feeding have failed, perhaps due to the persistence of protective antibody (Reisen et al. 2001 , Reisen et al. 2003a .
A problem complicating our research has been the inability to understand mechanisms that establish chronic infections in avian hosts and thereby allow us to produce these infections at a frequency suitable for experimental manipulation. In one experiment, immunosuppression by using cyclophosphamide enhanced acute phase viremia titers and seemed to increase the frequency of chronic infection, but treatment concurrently triggered relapses of other infections such as Plasmodium and Trichomonas, produced anemia, and reduced survivorship (Reisen et al. 2003b) . White-crowned sparrows, Zonotrichia leucophrys, are very susceptible to infection with WEEV and SLEV, produce elevated viremias, and repeatedly produce chronic infections (Hardy and Reeves 1990, Reisen et al. 2003c) . Collectively, these data indicated that elevated viremias during acute infection may increase the frequency of chronic infection. To simulate natural infections, our experiments previously have used virus doses that approximate the titer of WEEV and SLEV delivered by a single blood-feeding Culex tarsalis Coquillett, i.e., 2 and 3 log 10 plaque forming units (PFU) per 0.1 ml, respectively (Reisen et al. 2000a ). In the current study, we attempted to increase the viremia during the acute phase of virus infection and thereby increase the frequency of chronic infection in house Þnches by inoculating birds with 5 log 10 PFU of WEEV or SLEV.
Materials and Methods
Experimental avian manipulation and diagnostic procedures were similar to those in our previous studies (Reisen et al. 2003b, c) .
Birds. Both viral strains were isolated from Cx. tarsalis collected near BakersÞeld, were at Vero cell culture passage 1 or 2 at experimentation, and produced elevated viremias in house Þnches at doses comparable with those delivered by mosquito bite (Reisen et al. 2000b ). Finches were inoculated subcutaneously in the cervical region on 21 October 2002 with high and standard doses of each virus, i.e., 5.3 and 2.4 log 10 PFU/0.1 ml of WEEV and 4.8 and 3.6 log 10 PFU/0.1 ml of SLEV, respectively.
Experimental Design. Before experimentation, birds were bled by jugular puncture to determine previous infection. Birds then were transferred to avian infection units where three birds were maintained per cage. Viremia samples were taken on days 1Ð5, and antibody samples were taken on weeks 1Ð 6 postinoculation (PI). For viremia determination, 0.1 ml of whole blood was diluted immediately in 0.4 ml of virus diluent (phosphate-buffered saline plus 20% fetal bovine serum, 100 U of penicillin, 100 U of streptomycin, and 200 U of nystatin), frozen immediately on dry ice, and then stored at Ϫ80ЊC. For antibody determination, 0.1 ml of blood was diluted into 0.9 ml of physiological saline, clariÞed by centrifugation, and stored at Ϫ80ЊC. On 3 February, Ϸ2 wk after Cx. tarsalis emerges from diapause in Kern County (Bellamy and Reeves 1963), surviving Þnches were necropsied, and blood, lung, spleen, and kidney tissues were screened for viral RNA by reverse transcriptasepolymerase chain reaction (RT-PCR). Previous studies indicated that other tissues such as liver, heart, and brain were infrequently positive and usually accompanied positive spleen, lung, and/or kidney tissues from the same birds (Reisen et al. 2003b ). RT-PCR was used to screen tissues for long-term infection, because previous studies consistently failed to detect infectious virus by Vero cell plaque assay at necropsy, although blind passage in mosquito cells lines ampliÞed virus that subsequently was detected by plaque assay (Reisen et al. 2003b, c) .
Assays. Viral and serological assays were done under BSL-3 conditions by using methods described previously , Reisen et al. 2003a ). Blood samples were tested for virus by plaque assay on Vero cells. Antibody levels were measured by enzyme immunoassay (EIA) or by plaque reduction neutralization test (PRNT) (Chiles and Reisen 1998) . To be positive for antibody by EIA, the ratio of the mean optical density of two antigen-positive wells over the antigen-negative well had to be Ͼ2.0. To be positive by PRNT, sera had to inhibit the formation of Ͼ80% of plaques at a dilution of Ն1:10.
Tissues taken at necropsy were tested for WEEV and SLEV RNA by using RT-PCR. Approximately, 30 mg (3 by 3 by 3-mm section) of tissue was triturated in TRIzol, and RT-PCR was conducted using the OneStep RT-PCR kit (QIAGEN, Valencia, CA), according to manufacturerÕs protocols. WEEV-speciÞc primers 2471 forward 5Ј TGTTATTCTGTTCCGCT GCTTT 3Јand 3055 reverse 5Ј CCCCTTTCTGAT GACGACCTT 3Ј (Molecular Biology Insights, Cascade, CO), produced a 584-bp fragment of the E1 region. For SLEV, samples were tested initially by amplifying the E region of the viral genome with primers 1500v forward and 2315c and veriÞed by a second ampliÞcation of the NSP1 and NSP2 region with primers 3353f 5Ј-CGTCACTGCG-CACAACCACA-3Ј and 4216r 5Ј-TCGCCGGC-CAACTCCTTTTC-3Ј (DNAStar Inc., Madison, WI).
Results
All birds were negative for WEEV or SLEV antibody by EIA when tested before experimentation, indicating they had not been infected previously. In agreement, neither virus was active in Kern County during 2002 (Husted et al. 2003) . Four control birds remained negative throughout, i.e., they failed to produce a detectable viremia, maintained an EIA P/N ratio Ͻ2.0, and had no detectable neutralizing antibody at a titer of 1:10.
All birds inoculated with WEEV became infected as indicated by a positive viremia and/or antibody response (Table 1) . Bird 2425 did not produce a detectable viremia or PRNT response, but it showed a slight but progressive rise in EIA P/N ratio from 1.64 on week 1 to a maximum of 3.18 on week 5. When tested by two-way analysis of variance (ANOVA) blocked by repeat bleeds on days 1 and 2 PI, WEEV infectious dose did not signiÞcantly (P Ͼ 0.05) alter the viremia response. Mean of the log 10 viremia for the 2-d period was 1.7 (95% CL ϭ 0.8 Ð2.6, n ϭ 18) and 2.1 (95% CL ϭ 0.8 Ð3.4, n ϭ 8) log 10 PFU/0.1 ml for high and standard dose groups, respectively. Interestingly, the ranges in viremia titer completely overlapped between high and standard dose groups, indicating that Þnches down modulated the high viral dose but allowed viral ampliÞcation to levels above the standard dose. Similarly, there was no signiÞcant difference (P Ͼ 0.05) in the overall mean EIA P/N ratios for birds infected with high (2.75, n ϭ 53) or standard (2.80, n ϭ 18) doses (Fig. 1A) . Mean P/N ratios increased signiÞcantly (F ϭ 15.9; df ϭ 5, 59; P Ͻ 0.001) from a mean of 1.76 for week 1 to 4.02 for week 6 when sampling was terminated. Due to bird death and two samples being compromised, only one sample from the standard challenge was tested on week 6 for PRNT antibody, and this titer was within the range of values observed for the high-dose group.
All birds inoculated with SLEV became infected, having a positive viremia and/or antibody response (Table 1) . Mean log 10 viremia titers for birds inoculated with the high dose (1.82, 95% CL ϭ 1.2Ð2.4 log 10 PFU/0.1, n ϭ 27) were marginally greater during days 1Ð3 postinoculation (F ϭ 3.05, df ϭ 1, 33; P ϭ 0.09) than were mean log titers for birds inoculated with the standard dose (1.13, 95% CL ϭ 0.3Ð2.0 log 10 PFU/0.1, n ϭ 12). Although the interaction term was not signiÞcantly different (P ϭ 0.12), more Þnches infected with the high dose produced a detectable viremia titer on day 1 (Þve of nine positive) than did Þnches infected with the standard dose (one of four positive). There were no signiÞcant differences (P Ͼ 0.05) in EIA P/N ratios or PRNT titers between high and standard groups ( Fig. 1B; Table 1 ). The EIA P/N ratio increased signiÞcantly (F ϭ 10.37; df ϭ 5, 66; P Ͻ 0.001) from 3.08 on week 1 to 7.02 on week 6 (Fig. 1B) .
Overall, zero of 12 birds inoculated with WEEV and one of 13 birds inoculated with SLEV had tissues positive for viral RNA by both primer sets at necropsy on 3 February. The single positive bird, band 2446 inoculated with the high dose of SLEV, had an RT-PCR-positive kidney, but negative blood, spleen, and lung tissues. This bird had a ßeeting SLEV viremia titer of 1.2 log 10 PFU/0.1 ml on day 2 postinoculation, a P/N ratio of 6.28 on week 6, and marginally positive PRNT titers of 1:10 on week 4 and Ͻ1:10 on week 6.
Discussion
Increasing the viral inoculum from Ϸ100 PFU of WEEV or 1000 PFU of SLEV to Ϸ100,000 PFU failed to signiÞcantly alter the viremia or antibody responses of adult house Þnches. Unexpectedly, mean viremia titers during the acute phase of the infection for birds inoculated with the high virus dose did not differ signiÞcantly from viremias observed after inoculation with standard doses during the current and previous experiments. These data indicated that Þnches were able to respond rapidly after infection, limit the viremia response, and thereby preclude mortality. Previous studies using the BFS1703 strain of WEEV resulted in a higher viremia, but no mortality in house Þnches (Hardy and Reeves 1990) . In contrast to these endemic viruses, two house Þnches infected by mosquito bite with West Nile virus both succumbed to infection (Komar et al. 2003) .
In agreement with the apparent ability of most birds to purge their viral infection, only one of 25 birds was positive for viral RNA at necropsy 13 wks after infection. The positive bird had a low level viremia and was not heavily infected, with only one of four tissue samples positive by RT-PCR by using screening and conÞrmatory primers. It was of interest that this potentially chronically infected bird had an undetectable neutralizing antibody titer on week 6 PI, indicating that the immune system did not detect virus antigen within the kidney or that only viral RNA was present. Our current results indicated that the viremia response and the ability to develop chronic infection were not determined by the quantity of virus in the inoculum. The quantity of virus expectorated during by blood-feeding Cx. tarsalis was estimated previously by the capillary tube method (Aitken 1977) and varied markedly, but it was Ͻ100 PFU for WEEV and Ͻ1000 PFU for SLEV (Reisen et al. 2000a) . Therefore, the high doses used in the current experiment would be comparable with Ͼ100 bites by infective females, although our syringe inoculation lacked the associated pharmacological properties of mosquito saliva. Previ- ously we found that one to three bites by infective mosquitoes produced a viremia and antibody response similar to a comparable dose of virus delivered by syringe (Reisen et al. 2000a) . Ongoing studies will determine the frequency of chronic infection after infection with a virulent introduced pathogen, West Nile virus, that produces very high viremias in house Þnches (Komar et al. 2003 ; W.K.R., unpublished data). 
